Objectives: The aims of this study were to determine the etiology, clinical features, and predictors of outcome of new-onset refractory status epilepticus. in 13 academic medical centers. The primary outcome measure was poor functional outcome at discharge (defined as a score .3 on the modified Rankin Scale).
NORSE. 4, 14, 15 Viral encephalitis is another plausible etiology, but viruses are rarely identified in cases of encephalitis with RSE. 16 RSE is associated with substantial morbidity and mortality, 2, 3, 11, 13, 17 including in patients with encephalitis. 18 Anesthetic medications have been associated with worse outcome in prior studies, although a causal relationship was not established. 19, 20 Anecdotal evidence suggests that immune therapies might be effective in autoimmune cases of SE 12 and in NORSE. 7, 8 This study aimed to describe a large cohort of patients with NORSE and determine its etiology, clinical features, response to treatment, and prognostic features to help guide management and plan prospective treatment trials.
METHODS Study design. A multicenter retrospective study across 13 academic medical centers belonging to the Critical Care EEG Monitoring Research Consortium (CCEMRC) was performed. Prospective EEG databases were searched between January 1, 2008, and December 31, 2013, for patients with RSE. 21 These dates were selected because of the availability of anti-NMDA receptor (NMDAR) antibodies testing.
The inclusion criteria were as follows: (1) age 18 years or older; (2) SE refractory to appropriate doses of 2 lines of antiseizure treatment 21 ; (3) no definite etiology identified by history and ancillary tests within the first 48 hours after admission (thus excluding acute brain injury, bacterial meningitis or abscess, herpes encephalitis, known seizure disorder, acute medical condition); (4) $24 hours of continuous EEG (CEEG) monitoring; and (5) paraneoplastic/ autoimmune panel ordered. Nonspecific abnormalities on MRI or on CSF analysis (pleocytosis and elevated protein levels) were not considered exclusionary. Data from medical charts, EEG reports, imaging reports, and results of laboratory tests and pathology were collected using a data dictionary. Collected clinical variables included age, sex, presence and type of prodromal symptoms, presence and type of seizures and SE before admission, consciousness level on admission, duration of SE, duration of hospital and intensive care unit (ICU) stay, and ultimate control of SE. We also collected the number and type of antiseizure medications, anesthetics, and immune therapies received. Complications included need for vasopressors, severe acidosis (defined as the lowest pH during SE ,7.2), renal dysfunction (defined as the highest creatinine level .1.2 mg/dL), hepatic dysfunction (defined as bilirubin level .2 mg/dL), cardiac injury (defined as the highest troponin I level .0.4 UI/L), need for mechanical ventilation, respiratory dysfunction (defined as the lowest Pa/FIO 2 ratio ,300 mm Hg), pulmonary embolism, pneumonia, urinary tract infection, bowel ischemia, gastrointestinal bleeding, anemia (defined as the lowest hemoglobin level ,8 g/dL or transfusion), thrombocytopenia (defined as platelet count ,150 3 10 3 /mL), hypernatremia (defined as the highest sodium level .150 mmol/L), and hyponatremia (defined as the lowest sodium level ,130 mmol/L). CEEG variables included time, presence, and type of seizures, SE, periodic discharges, and sporadic epileptiform discharges. Imaging variables included presence and location of abnormalities on brain MRI including fluid-attenuated inversion recovery, diffusion-weighted imaging, and gadolinium-enhanced images (on either initial MRI or repeat MRI, when available).
Identified etiologies were classified as autoimmune (presence of an autoantibody in the absence of a neoplasm), paraneoplastic (newly diagnosed neoplasm, with or without the presence of an antibody), infectious (presence of a pathogen demonstrated by culture, PCR, or serologic tests), or other.
The primary outcome measure was poor outcome (score .3 on the modified Rankin Scale [mRS]) at discharge. Secondary outcome measures included mortality at discharge, and functional outcome and presence of seizures or use of antiseizure medications at time of last follow-up.
Standard protocol approvals, registrations, and patient consents. This study was approved by the institutional review board at each institution, which granted us waiver of consent given the retrospective nature of the study.
Statistical analysis. Statistical analyses were performed with R (The R Foundation, Vienna, Austria). Chi-square, Fisher, and Mann-Whitney tests were used as appropriate. The association between outcome and number of anesthetics was tested using the Cochran-Armitage trend test with the assumption that outcome worsened with an increasing number of anesthetics. Results are presented as median (interquartile range) or number (percent). Adjustment for multiple comparisons was performed with the false detection rate. 22 A p value ,0.0036 was considered significant and a p value between 0.0036 and 0.05 was considered a trend. We performed a multivariate logistic regression to establish the independent association of the use of anesthetics with both functional outcome measures (mRS score .3 and death), adjusting for known confounders (severity of SE, using the Status Epilepticus Severity Score [STESS], duration of SE, and number of complications). 19 RESULTS Demographics and etiology. We identified 130 cases fulfilling our criteria among 675 cases with RSE. An etiology was eventually found in 63 of 130 cases (47%) (table 1). Nonparaneoplastic autoimmune (25/63 [40%]) and paraneoplastic (19/63 [30%]) cases represented more than two-thirds of this group, while infectious cases were less common (10/63 [16%]). The most frequent etiologies were encephalitis with anti-NMDAR antibodies, of which half were associated with an ovarian teratoma, and with anti-voltage-gated potassium channel complex (VGKCC) antibodies, of which a third were paraneoplastic (see table e-1 on the Neurology ® Web site at Neurology.org). Herpes viruses (excluding herpes simplex virus 1) were the most frequent infectious agents (5/10 [50%]). Other causes are detailed in table 1. Sixty-seven of 130 cases (52%) remained cryptogenic despite an extensive workup. Among the cryptogenic cases, 66 of 67 benefited from a paraneoplastic panel (comprising anti-Hu in 66, anti-CRMP5/CV-2 in 59, antiamphiphysin in 57, and anti-Ma2/Ta in 41). Anti-VGKCC, anti-NMDAR, anti-GAD65, anti-AMPAR, and anti-GABA B -receptor antibodies were tested in 48, 42, 40, 5, and 5 cryptogenic cases, respectively. An evaluation for an occult neoplasm was performed in 63 of 66 cases (43 with thoracoabdominal CT scan, and 20 with both whole-body fluorodeoxyglucose-PET and CT scan). Anti-NMDAR antibody testing was obtained in 87 of 130 (67%), including 48 of 67 (67%) cryptogenic cases.
Age ranged from 18 to 81 years and followed a bimodal distribution, with peaks at 28.5 and 65.5 years; 62 of 130 patients (48%) were older than 50 years. There was a female predominance (83:47).
Complete data about treatment, complications, and outcome at discharge were available in 125 of 130 cases (96%) (63/125 [50%] cryptogenic).
Clinical presentation. Prodromal symptoms preceded the onset of NORSE in 75 of 125 cases (60%) and started 6 days (interquartile range [IQR] 1-14 days) before admission (table 2) . They included confusion (45%), fever (34%), fatigue (26%), headache (22%), symptoms of gastrointestinal (18%) or upper respiratory (13%) tract infection, and behavioral changes (16%). Hallucinations did not occur in the cryptogenic group but were present in 4 of 16 cases (25%) of anti-NMDAR encephalitis and 1 of 8 cases (13%) of anti-VGKCC encephalitis. None of the patients who were not tested for anti-NMDAR presented typical EEG or clinical features of the syndrome. Seizures occurred before admission in 90% of cases, of which 28% were SE (table 2).
EEG. Seizures occurred during CEEG in 88% of cases (table 2) . Patients who did not have seizures during CEEG presented with generalized convulsive RSE and were treated with anesthetics before monitoring. Unilateral (46%) seizure onset was more common than bilateral independent (24%), generalized (15%), and multifocal (8%) onsets. Periodic or epileptiform discharges were observed in 72% of cases and were more frequently lateralized (39%) than bilateral independent (24%), generalized (22%), or multifocal (2%). There was no difference in EEG findings between cryptogenic cases and cases with a proven etiology.
Imaging and CSF. All patients underwent brain MRI and this was repeated in 24% of cases (table 2) . Abnormalities were found in 62% of cases and predominated in limbic (19%) and neocortical structures (22%) or both (16%). Abnormalities were more commonly identified on fluid-attenuated inversion recovery images (62%). No significant difference was found between cryptogenic cases and cases with an identified etiology.
CSF analyses were available in all cases and were repeated in 42% of cases (table 2 ). An abnormal CSF, with pleocytosis and/or elevated protein levels, was found in 73% of cases. There were no significant differences between cryptogenic cases and cases with an identified etiology.
Treatment. Patients received a median of 5 (IQR 4-6; range 4-11) antiseizure medications (table 3) . Continuous anesthetics were used in 96 of 125 cases (77%) (median 1; IQR 0-2; range 0-4). The number and type of antiseizure medications and anesthetic drugs was similar in cryptogenic cases and cases with a proven etiology. Immune therapies were used in 77 of 125 cases (62%). The number of immune therapies used per patient was significantly lower in cryptogenic cases (1 [0-1] vs 1 [1] [2] [3] ; p 5 0.003).
Outcome and complications. The duration of SE was longer in cryptogenic cases than in cases with a Anti-NMDA receptor 7 (5) Anti-VGKC complex 5 (4)
Anti-striational 1 (1)
Paraneoplastic 23 (18) Anti-NMDA receptor 9 (7) Anti-VGKC complex 3 (2) Anti-Hu
Infection-related 10 (8)
Mycoplasma pneumoniae 2 (2) When controlling for STESS, burden of complications, and duration of SE, the use of anesthetics was not significantly associated with either poor outcome or mortality (table 4) .
Follow-up data were available in 63 of 97 survivors (65%) with a median follow-up time of 9 (4-19) months. Functional outcome at time of last followup was good or fair (mRS score 0-3) in 50 of 63 patients (79%) and improved compared with functional outcome at discharge in 36 of 63 patients (57%) ( table 3 ). An average of 92% of patients across all groups with follow-up data had seizures (37%) or were receiving antiseizure medications (55%). DISCUSSION In this multicenter retrospective study of patients with NORSE, we found that (1) an etiology could ultimately be identified in 48% of cases; (2) the most frequent etiologies were nonparaneoplastic autoimmune encephalitis (19%) and paraneoplastic encephalitis (18%); (3) CSF abnormalities, most often mild, occurred as frequently in cryptogenic cases as in cases with an identified etiology; (4) despite receiving fewer immune therapies and experiencing longer episodes of SE, cryptogenic cases had a similar outcome to cases with an etiology, with 61% of cases overall achieving a poor outcome (mRS score 4-6) and a mortality of 22%; and (5) anesthetic use was not associated with poor outcome when controlling for confounders.
Our definition of NORSE was broader than previously suggested, 4-6 as we did not limit the inclusion to cryptogenic cases. The definition of cryptogenic is likely to evolve with time as new etiologies of SE are discovered. Most published cases of NORSE predate the discovery of anti-NMDAR antibodies, 23 which was the single most common etiology in our series. We did not restrict our inclusion to cases treated with anesthetics as refractory nonconvulsive SE may be treated with sequential trials of nonanesthetic medications. 21, 24 We found 130 cases of NORSE among 675 cases of RSE. This proportion compares well with other series, in which the reported proportion of RSE due to suspected encephalitis or to an unknown etiology varied between 16% and 22%. 3, 13 Autoimmune encephalitis, either nonparaneoplastic or paraneoplastic, was the most common cause of NORSE (37%), whereas identifiable infections were uncommon (8%). This agrees with previous studies that have demonstrated that autoimmune disorders are the most frequently identified cause of encephalitis whereas a viral agent is rarely found. 3, 10, 16, 18, 25, 26 The finding that many cases of NORSE are of autoimmune origin suggests that these etiologies should be aggressively sought.
More than half of the cases remained cryptogenic despite an extensive, albeit variable, workup, similar to prior studies of encephalitis with RSE. 16 Although many cryptogenic cases benefited from a comprehensive antibody panel and an evaluation for occult neoplasm, these analyses were not systematically performed and the proportion of autoimmune and paraneoplastic cases may be underestimated. Cryptogenic cases presented with clinical features similar to autoimmune cases, suggesting a similar etiology. It is possible that some cryptogenic cases correspond to autoimmune encephalitis associated with antibodies yet to be identified. Recent studies have shown an intrathecal production of proconvulsant cytokines in the CSF of children with febrile illness-related epilepsy syndromes, a pediatric disorder akin to NORSE. 27 Cryptogenic cases received fewer immune therapies than cases with a proven autoimmune etiology.
Although we did not study the effect of immune therapies in our series, because of a high variability in doses and delay to treatment (data not shown), small case series have suggested that high-dose steroids, IV immune globulins, and plasma exchanges may be beneficial in cryptogenic NORSE. [7] [8] [9] Our findings indicate that half of these patients do not receive such treatments. While the reasons for this difference were not specifically examined in this study, we suspect that physicians hesitate to treat patients with unknown etiology of NORSE with potentially hazardous immune-suppressing treatments in the absence of a well-established inflammatory cause. Postponing immune therapies might be detrimental since early treatment is associated with better outcome in autoimmune encephalitis. 28, 29 The role of anesthetics for RSE has been questioned. 19, 20 The majority of patients in our series received anesthetics. The overall mortality was lower compared with most series of refractory and superrefractory SE, 2, 3, 11, 13, 17, 30 probably because of the absence of acute structural brain injury that independently affects outcome. Decisions to withdraw lifesustaining treatment and treatment failure occurred mostly in the group of patients who received anesthetics and accounted for most of the deaths in our series. However, after adjusting for confounders (STESS, complications, and duration of SE), the use of anesthetics was not significantly associated with poor outcome, suggesting that the severity and duration of SE are the dominant reasons for both the use of anesthetic medications and a higher rate of complications and mortality. 31 However, duration of SE and complications remained independently associated with outcome. A recent study found a better outcome of patients with RSE treated with high doses of midazolam, compared with low doses, further indicating that the severity of RSE itself is the main determinant of poor outcome, rather than the use of anesthetics. 32 
